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Introduction
Recently, it has been found that there exist other sets of functions that can serve as an orthonormal basis for the set of all square summable functions, L 2 (R) [1] [2] [3] [4] [5] [6] . 1I particular, it has been shown that for all g(t) E L 2 
(R), and for a certain prescribed function .(t), g(t) .
gj.k V '(2j(t)), (1) i,kEZXZ
and Z denotes the integers. Here, the basis set is {v2j' (2j(t -2-jk))}J.k.,zXz and the function V)(t) is called the wavelet. Furthermore, the function w(t) is significant only over a small (compact) portion of the real line. Therefore, it is recognized that this representation has a sense of 'time locality.' For 0k(t) to be admissible as a basis function, its Fourier transform must obey certain properties. In particular, for an admissible V,(t) it can be shown that
where K(f) = e -2 "r 1 H'(f + 1/2),
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H(f) = E h(k)e -j2" ",
k=-oo (iv) IH(f)I $ 0 for f E [0, 1/2) .
0(f) = E H(2-"f),
Note that the inverse Fourier transform of 0(f) is called the scaling function, i.e.,
0(t) = f.()
The difference between the wavelet and its associated scaling function is rooted in the difference between spanning different subspaces that compose the space L 2 (R) . it can be shown that one can define a series of subspaces Vj for j E Z such that UjEZ I' is dense in L 2 (R), Vj C 171+1, g(t) E Vi if and only if g(2t) E V+l for all j E Z, and g(t) E V' if and only if g(t -2-jk) E V7 for all j,k E Z. The significance of the scaling function is that the set { V' J9(2j(t -k))}kEz spans the subspace V. On the other hand, one can show that there exists a subspace Oj composed of functions that are orthogonal to those composing V such that
where E denotes the Cartesian product. Thus, one can show that
jEZ The significance of the wavelet is that the set {V2/JV(2J(t -2-jk))}IEz spans the subspace Oj.. Nlore generally, the set (v'F2-j t (2j(t -2-jk))}j,kEz.,z spans L 2 (R).
The results presented above suggests that one can, to some degree, control the shape of the wavelet in the time domain according to how one chooses the sequence {h(k)}kEz. One desirable property is to have a wavelet with compact support in the time domain, i.e., it is time limited in that it is nonzero only over a given interval. Such a wavelet gives a true sense of time locality. A set of orthogonal wavelets with compact support was discovered by Daubechies [2] . They are parameterized by an integer n, are real valued, and are denoted ;is ',(t) for n > 2. In fact,
These wavelets are derived by choosing the sequence {h(k)}kEZ so that it is of finite length. The result is the set of sequences {h,(k)} 1 ( 2 nfor n = 1,2, 3,. Details of the procedure for finding these sequences can be found in Daubechies' original paper [2] .
Daubechies wavelets posses other desirable properties. It can be show that they are bounded, continuous functions for all n, and for n > 4, they are continuously differentiable. Furthermore, for n > 4, Daubechies wavelets have a finite spectral spectral variance, i.e., for kp'(f) ,--. 0,(t), then _ f2jp ,(f)j2d f < (1 Proof of these properties can be found in [4] . 
where
The truncated product in Eq. (12) gives good results for P = 20 for low values of 71 (n = 3), to P = 25 for high values of n (n = 13). This was checked by calculating the normalized cross correlation between two Daubechies wavelets of order n, where one was derived by using P = N, and the other with P = N + 1. For P = 25 (or P = 20 for low values of n) the correlation was negligibly different from 1.
Once the Fourier transforms of the Daubechies wavelet and scaling function have been calculated, one can find the associated time domain functions by invoking the inverse Fourier transform. This can be accomplished efficiently through the use of a fast Fourier transform (FFT).
The program listed in Appendix A uses the approach outlined above to calculate Daubechies wavelets and their scaling functions, and is written in VAX extended FOR-TRAN. The program produces four sequential ASCII files containing sampled versions of the functions ib.(t) and 0,(t) and the magnitudes of their Fourier transforms. Certainly one can modify the program to produce the complex Fourier transform. An ASCII file is also produced containing the parameters input to the program by the user.
3.
Running the Program
Program WAVE is designed to be run interactively, and produces sampled versions of the Daubechies wavelets and their associated scaling functions for n = 2.3 .... 15. It is written using double precision, and can take several minutes of wall clock time to run. The program makes use of a radix 2 FFT as an efficient way of numerically calculating a Fourier integral.
The program needs only one input file, COEFF.DAT, which is listed in Appendix B. This file contains the finite length sequences {h,(k)}%n 1 . All other required parameters are input from the terminal. They are:
1. n: The order of the wavelet, an integer form 2 to 15.
npower:
The power of 2 yielding the FFT size. For example, npower = 5 implies that the FFTs used in the program are of size 21.
3. f,: Time domain sampling rate in Hertz of )n(t) and On(t).
iter:
The number of product iterations used to calculate the Fourier transform of the scaling function as given in Eq. (12), and is the equal to P in that equation. Usually a value of 20 to 25 is a good choice.
These inputs are written to the file WAVE.ECHO. Therefore. the file serves as a record of a single program run.
Among the remaining four ASCII files produced by the program are WAVELET.TIME and SCALE.TIME, which contain the sampled versions of the wavelet and scaling function. respectively, where 0 < i < 2 " Power -1. All files contain ordered samples of the functions in column form. For example, WAVELET.TIME contains two columns of numbers in the following form:
2"pwr V(2pwr -1MB
Figures 1 through 4 show plots of the contents of the four output files generated by WAVE for n = 5, npower = 9, f, = 30Hz., and iter = 25. 
